Background There is increasing recognition that lower nurse staffing levels are associated with higher morbidity and mortality among medical and surgical patients. The degree to which this applies to elderly patients with hip fractures is unclear. Questions/purposes We conducted a pilot study using administrative data as an initial step in investigating the relationship between nurse staffing levels and in-hospital mortality among elderly patients with hip fractures. Patients and Methods We retrospectively reviewed administrative data for 13,343 patients 65 years or older with a primary diagnosis of hip fracture admitted to 39 Michigan hospitals between 2003 and 2006. We used logistic regression to calculate the change in predicted probability of in-hospital death conferred by differences in the hospitals' overall number of full-time equivalent registered nursing staff (FTE-RN) per patient day. Regression models controlled for patient age, gender, and comorbid conditions; hospital characteristics including teaching status, hip fracture volume, and income/racial composition of the hospital's zip code; and seasonal influenza.
Introduction
Hip fractures are common, debilitating, and often deadly among the elderly [23] . It is not unusual for an elderly patient with a hip fracture to be admitted to the hospital for treatment of an isolated hip injury, only to sustain complications leading to death. It is estimated that nearly 5% of elderly patients admitted with hip fractures die during their initial hospitalization and another third die within the first year after injury [3, 10, 24, 34, 45] . Those who do not die often permanently lose their ability to live independently and spend their remaining life in long-term care facilities, an outcome that not only is undesirable for patients, but also tremendously costly for the individual, their families, and society [35, 46] . Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc.) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution approved or waived approval for the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research.
Numerous articles describe ways to reduce the risk of complications among patients with hip fractures in the inpatient setting once they leave the operating room [6, 9, 11, 13, 14, 17, 18, 20, 28, 31, 33, 37, 43, 44] . These studies have focused on the importance of early mobilization, the use of general versus regional anesthesia to reduce pulmonary complications, the use of pharmacologic anticoagulation to prevent thromboembolic events, and the role of multidisciplinary care pathways for treatment of patients with hip fractures. Outside the orthopaedics literature, there is an increasing body of evidence indicating the importance of higher nurse staffing levels in reducing the occurrence of many common in-hospital complications, including mortality [4, 22, 26, 29] . Increased nurse staffing levels are associated with decreased occurrences of urinary tract infection, pneumonia, sepsis, cardiac arrest, and death [4, 22, 26, 29] . Such associations have been observed for a broad range of patients, medical and surgical; however, it is unclear whether such associations apply to patients admitted with hip fractures. Intuitively one would think that increased nurse staffing levels would benefit elderly patients with hip fractures as they are a group known to have high complication rates. Conducting a prospective (but not necessarily randomized) study that clearly establishes the importance of nurse staffing levels in the care of patients with hip fractures would be expensive and time intensive. As such, we sought to investigate the relationship between nurse staffing levels and in-hospital mortality in a pilot study using a large administrative database from the state of Michigan [27] in combination with a widely known, inexpensive, and publicly available measure of nurse staffing levels collected by the American Hospital Association (AHA) [7] . Prior work has established the AHA's measure as an approximation of hospitals' nurse staffing practices in the inpatient setting [16, 22, 25, 26, 36, 39, 41] .
In a pilot study we asked whether hospital-wide increased nurse staffing levels are associated with decreased risk of in-hospital death among elderly patients with hip fractures after controlling for demographics, comorbid conditions, seasonal influenza, and hospital characteristics.
Patients and Materials
We retrospectively reviewed administrative records for 13,343 elderly patients (age, 65 years or older) with a primary diagnosis of hip fracture admitted to 39 hospitals in Michigan between 2003 and 2006. We used logistic regression to calculate the change in predicted probability of in-hospital death conferred by differences in the number of FTE-RNs per patient day. Regression models controlled for patient age, gender, and comorbid conditions, hospital characteristics, including teaching status, hip fracture volume, and income/racial composition of the hospital's zip code, and seasonal influenza.
We used administrative data from the Michigan Hospital Association (MHA) collected between 2003 and 2006 [27] . The data include all inpatient admissions for Michigan, with information on patient demographics, primary/secondary diagnoses, primary/secondary procedures, and hospital characteristics. The data set is publicly available as one of the State Inpatient Databases (SID) developed through the Health Care Cost and Utilization Project [1] . The database contains no personal identifying information and falls under the University of Michigan's policy for research using publicly available data sets. Under this policy and in accordance with federal regulations for human subjects' research, IRB approval is not required as the data cannot be tracked to a human subject.
We merged each year of MHA data with the matching year of the AHA's Annual Survey of Hospitals [7] . The datasets were merged by using the American Hospital Association Identifier -National Providers Identifiers (AHA-NPI) Crosswalk [8] , a crosswalk file that allowed us to merge the unique hospital identifiers used by the MHA and AHA [7, 27] . The AHA-ASH data provided us with measures of hospitals' total licensed bed count, annual adjusted patient days, average daily census, primary service, teaching status, and aggregate number of FTE-RNs employed by the hospital.
We used data from the AHA-ASH to calculate the ratio of each hospital's number of FTE-RNs to its adjusted number of patient days that year. We used this measure as an approximation of hospital's nurse staffing levels in the inpatient setting adjusted to better reflect care rendered in the inpatient setting [41] .
We obtained additional information on hospital characteristics using the 2000 United States Census [42] . These data included the median household income of the zip code where each hospital is located, and the percentage of nonwhite residents living in the zip code.
With these data, we identified a cohort of patients older than 65 years, with a primary discharge diagnosis of hip fracture, admitted through emergency departments of hospitals in Michigan. We defined hip fracture based on the 18 ICD-9-CM diagnosis codes specified by the Agency for Healthcare Research and Quality [2] . In-hospital death was determined according to the patient's discharge disposition specified in the MHA data. In-hospital mortality only includes deaths occurring during the initial hospital admission immediately after hip fracture and does not capture deaths that might have occurred in the hospital following a readmission.
Patients transferred to or from other inpatient care facilities were excluded. Data from three hospitals were excluded from the sample because the admission source of patients either was unknown or appeared grossly inaccurate owing to missing values. We further limited our cohort to admissions to hospitals defined by the AHA as ''general medical/surgical hospitals'', with more than 200 licensed beds. This qualification ensured the exclusion of admissions to specialty hospitals (psychiatric facilities and surgical specialty hospitals dealing primarily with elective operations) that would not routinely admit patients with hip fractures, and ensured greater homogeneity among the hospitals in our cohort.
We performed a patient-level analysis using bivariate and multivariate logistic regression. The model's dependent variable was an indicator variable for patient death during the hospital admission, and its independent variable was a measure of nurse staffing levels. The multivariate model corrected for clustering (hospital-year clusters) using the Stata (StataCorp LLP, College Station, TX, USA) logistic regression estimation command with the ''robust cluster'' option to obtain robust-variance estimates by the Huber/White/sandwich estimator (StataCorp). The models controlled for patient-level demographics (age and gender), hospital characteristics (teaching status, total number of licensed and staffed beds, annual hospital volume of hip fractures, median household income of each hospital's zip code, and percentage of nonwhite residents in that zip code), influenza activity, and comorbid conditions. Seasonal influenza was included in the model because it exerts a strong influence on admissions and mortality during periods of high virus activity [40] . Influenza activity was defined according to the Centers for Disease Control and Prevention's (CDC) weekly surveillance reports during each influenza season [12] . An indicator variable was created to designate whether an admission occurred during a week the CDC had determined there to be either widespread or regional influenza activity in Michigan. We controlled for comorbid conditions with the Elixhauser Comorbidity Index, an index for risk adjustment that routinely is used to assess medical comorbidity in inpatient claims data by measuring the effect of 30 different comorbid conditions [15] . We identified the presence of these comorbid conditions for all patients in our cohort by examining the 24 secondary diagnosis fields. We included indicator variables in our model for each of the 30 comorbid conditions in the Elixhauser Index.
We assessed the model's predictive performance, discrimination, and goodness-of fit (as determined by the Hosmer-Lemeshow test [19] and visual inspection of observed-to-predicted tables). We report 95% confidence intervals and p values for odds ratio estimates. We calculated the absolute risk reduction (or increase) conferred by incremental changes in nurse staffing levels. This was accomplished by calculating the percentage point change in the predicted probability of in-hospital death for a one-unit change in each independent variable while holding the model's other covariates constant at their mean value. The predicted probability of death is an estimate of the probability of death based on patient and hospital characteristics, etc, that are in the regression model. We used the delta method to construct 95% confidence intervals for the differences between the predicted probabilities. Finally, we used the association of patient age and influenza activity with in-hospital mortality as benchmarks for comparison with the magnitude of our findings for nurse staffing levels. The data analysis for our study was done using SAS software, Version 9.2 (SAS, Cary, NC, USA). Stata 10 software (StataCorp) was used to calculate predicted probabilities and changes in predicted probabilities of in-hospital death from the specified logistic regression models (Stata software's prvalue command).
Results
Patients in the cohort were predominantly women and the average age was 83 years ( Table 1 ). The six most common comorbid conditions included hypothyroidism, congestive heart failure, chronic obstructive pulmonary disease, fluid/ electrolyte disorders, cardiac arrhythmias, and uncomplicated hypertension. Approximately two-thirds of hospitals had between 200 and 400 total hospital beds, and just greater than half of the hospitals were teaching institutions with medical school affiliation. Hip fracture volume at the hospitals averaged 85 cases per year. Nurse staffing levels averaged 3.5 FTE-RNs per patient day, with a standard deviation of 1.0. In-hospital mortality was 3.6% overall.
In bivariate analysis, nurse staffing levels had an association (OR, 0.91; p \ 0.047) with in-hospital mortality. After controlling for other variables, the association (OR, 0.84; p \ 0.003) increased in magnitude and remained significant (Table 2) (Appendix 1). The absolute risk of mortality increased by 0.35 percentage points (95% CI, 0.12-0.58) for every one unit decrease in our nurse staffing measure. This increase in absolute risk was greater (0.35 versus 0.30 percentage points) than that conferred by adding an additional 5 years to a patient's age (Table 3) . We generated a series of predicted probabilities using different cut points for nurse staffing levels and found the strength of the association between staffing and mortality was approximately the same throughout a range of staffing levels.
The model showed good predictive performance on validation testing, with adequate discrimination (AUROC = 82%) and goodness-of-fit (as determined by the Hosmer-Lemeshow test [19] and visual inspection of observed-to-predicted tables).
Discussion
There is increasing evidence outside the orthopaedic literature indicating the importance of higher nurse staffing levels in reducing common in-hospital complications, including mortality [4, 22, 26, 29] . We reasoned that this relationship also might apply to elderly patients with hip fractures. However, conducting a prospective study that clearly establishes the importance of nurse staffing levels in the care of hip fractures would be extremely expensive and time intensive. As such, we conducted this pilot study as an initial step in investigating the relationship. We asked 
Other covariates
Admission during widespread or regional influenza in Michigan # 14.9
Dependent variable
In-hospital mortality 3.6
Independent variable
Mean FTE-RN per patient day on admission (SD) 3.5 (7.4) SD -standard deviation; *based on the total number of licensed, staffed beds reported to the AHA; defined according to the AHA -teaching hospital must be affiliated with an accredited medical school and have one or more accredited allopathic or osteopathic residency programs; whether increased nurse staffing levels would be associated with a decreased risk of in-hospital death among elderly patients with hip fractures, even after controlling for demographics, comorbid conditions, seasonal influenza, and hospital characteristics.
Our study has important limitations, mostly related to our measure of hospitals' nurse staffing levels. First, a perfect measure of nurse staffing would accurately and consistently reflect the acuity and quality of nursing care received by each patient during his or her hospital stay. Thus, the most obvious limitation of our study is that staffing levels were measured at the hospital level, not the patient level. In other words, our measure reflects the staffing practices of an entire hospital, not the actual number of nurses that were taking care of a given number of patients with hip fractures. Second, as an annual measure, we were unable to capture differences in staffing at different times throughout the day or different days throughout the year. Staffing ratios are dynamic and subject to change for patients on a daily, even hourly, basis [4, 29] . Our annual hospital level measure does not capture this important variation. The nurse staffing measure also does not differentiate between nurses involved in direct patient care and those in purely administrative positions, nor can the measure be collapsed into nurse staffing in specific areas of the hospital such as the operating room versus those working on different wards (eg, medical versus surgical versus orthopaedic floors) [41] . Thus, our study assumes that a summary measure of an entire hospital's typical staffing practices throughout a given year approximates those seen by individual patients with hip fractures during their hospital stay. This may not be a safe assumption; however, it is an assumption of necessity given that more nuanced measures of staffing will require the time and expense of prospective data collection. Third, there is a possibility that our staffing measure is not acting as a true measure of nurse staffing practices, but rather as a proxy for overall hospital quality [21] . It also is possible that unobserved differences in burden of illness and/or socioeconomic status among patients could confound our results if healthier and/or wealthier patients tended to go to hospitals with higher nurse staffing ratios and sicker and/or poorer patients tended to go to hospitals with lower nurse staffing ratios. Our statistical models were designed to adjust for differences in patients' health and socioeconomic status; nonetheless, it is impossible to know if our methods were able to fully eliminate these potential confounders.
We found decreased hospital-wide nurse staffing levels were associated with increased in-hospital mortality for elderly patients admitted with hip fractures; the predicted probability of in-hospital death increased by 0.35 percentage points for every one-unit decrease in our nurse staffing measure. This increase in the risk of death is sizeable considering that adding an additional 5 years to a patient's age conferred only a 0.30 percentage point increase in the risk of death. Although this is not the first CI -confidence interval; *predicted probabilities were calculated by specifying values for independent variable of interest while holding other covariates in the model constant at their mean; defined according to American Hospital Association's Annual Survey of Hospitals as the number of full-time equivalent registered nurses at the hospital divided by its adjusted annual patient days. To calculate predicted probabilities, the one unit increase in this variable was specified as an increase from 3 to 4 FTE RNs per patient day; à the additional 5 years of age was specifed as an increase from 70 to 75 years of age on patient admission. study to show that nurse staffing levels are associated with in-hospital mortality, it is the first to examine this association specifically for patients with hip fractures. Direct comparison of our results with those of prior studies is challenging owing to differences in patient populations, study designs, techniques, and outcome measures. Comparisons are further complicated as prior work suggests that the association between nurse staffing levels and mortality varies across populations and diagnosis [22] . In fact, we found an association for hip fracture that is much larger in magnitude than for most other diagnoses. For instance, a meta-analysis examining the importance of nurse staffing levels across a wide range of medical and surgical diagnoses showed a 0.06 decrease in the odds of patient mortality for each one-unit increase in FTE-RN per patient day [22] . We found a much larger 0.16 decrease in the odds of death for the same change. This discrepancy could indicate that outcomes for patients with hip fractures are particularly sensitive to differences in nurse staffing levels when compared with other populations of patients previously studied. The mechanism by which increased nurse staffing levels reduce in-hospital mortality is not clear. There is an intuitive appeal to the idea that increased nurse staffing levels may prevent or allow early detection of complications. Although our study is far from establishing a causal relationship, much less delineating a causal mechanism, we can explore this hypothesis by framing our findings in the context of the existing literature. For example, outside orthopaedics, increased nurse staffing levels are associated with decreased occurrences in urinary tract infection, pneumonia, sepsis, and cardiac arrest, and decreased rates of ''failure to rescue'' once adverse events occur [4, 22, 26, 29] . It is not unreasonable to speculate that this also might be true for patients hospitalized with hip fractures. Greater nursing attention may enable earlier and more frequent mobilization of patients, which could reduce the risk of pressure ulcers, deep vein thrombosis, pulmonary embolism, and pneumonia. It is possible that urinary catheters might be removed earlier or more reliably leading to decreased rates of urinary tract infections, bacteremia, and even sepsis. Finally, if nurses are responsible for a smaller number of patients, it is not unreasonable to speculate that the first signs and symptoms of impending complications also may be identified earlier or dealt with more effectively once identified [2] .
A second mechanism, unique to hip fractures, could relate increased nurse staffing levels to reduced mortality. Some studies show time to surgical stabilization is an important determinant of outcome among patients with hip fractures [5, 30, 32, 38, 47] . It is possible that higher nurse staffing levels in a hospital also might expedite surgical stabilization of hip fracture. Higher nurse staffing levels could reflect better staffing in the hospitals' operating rooms, leading to improved operating room availability and shorter time to surgery. Admittedly, this mechanistic discussion is highly speculative in nature as our study lacks the refined data needed to address this hypothesis. Nonetheless, this discussion illustrates how nurse staffing levels could be related to improved patient outcomes through multiple direct and indirect mechanisms that future research will need to elucidate.
Our pilot study suggests hospital-wide nurse staffing levels may be important in the care of patients with hip fractures, but like other studies, limitations in our nurse staffing measure preclude us from establishing a direct causal link between nurse staffing and patient outcomes. Future studies will require more refined measures of nurse staffing, while attempting to control for potential confounders such as nursing staff skill, competence, and organization. These studies are likely to come at considerable expense as these more nuanced measures of nurse staffing will require prospective data collection. Although the association of staffing levels with patient outcomes is not new to health services researchers, hospital administrators, payers, and regulatory agencies, it is new to orthopaedic surgery. Although far from conclusive, surgeons might consider these findings in the context of their own practices. 
